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Conventional technology 



In general, heat-sensitive recording materials comprise a 
heat-sensitive color layer mainly composed of a heat-sensitive 
color composition installed on a support such as paper, synthetic 
paper, plastic film, etc., and color images are obtained by 
heating with a thermal head, thermal pen, laser light, etc. 
Compared with other recording materials, such recording materials 
have the advantages in that no cumbersome processes of 
development, fixation, etc., are needed, rapid processing can be 
carried out with simple devices, no noise, no environmental 
pollution, low cost, etc., and they have been widely used in 
copying, computers, faxes, tickets, labels, recorders, etc. In 
general, the thermal color compositions used in such heat- 
sensitive recording materials comprise coloring materials and 
developers that make the coloring materials form colors upon 
heating. The coloring materials are usually colorless or lightly 
colored leuco dyes, such as lactones, lactams, spiropyrans, etc., 
and the developers are made of various acidic materials, such as 
organic acids, phenolic materials, etc. The recording materials 
using such combinations of coloring agents and developers provide 
brightly colored images with high background whiteness, and 
excellent weather resistance of the image (dye image) , and are 
thus widely used. 

In recent years, as the heat-sensitive recording method has 
replaced other conventional recording methods, its demand has 
increased rapidly, and improved quality is in demand for the 
heat-sensitive recording processes, especially overcoming the 
problems of recoloration of the background by heat. For such 



recoloration prevention of the background, various photof ixation 
type diazo heat-sensitive recording materials have been proposed, 
while fixation methods have not been proposed in the field of 
heat-sensitive recording materials using leuco dyes. 



Objectives 

It is an object of the present invention to provide leuco 
heat-sensitive recording materials that prevent heat-induced 
recoloration of background after thermal recording. 

Conf igura t ion 

According to the present invention, a heat-sensitive 
recording material is proposed that has a heat-sensitive color 
layer mainly composed of leuco dyes and developers installed on a 
support, and the heat-sensitive color layer contains a chalcone 
compound represented by the following general formula: 
General formula: 

o,n^_ o {R)n 



^-CH=CH-C-0^ 



(R represents hydrogen, a substituted or unsubstituted alkyl 
group or halogen; n represents an integer of 1-5) . 

With the presence of the chalcone compounds represented by 
the above general formula in the heat-sensitive color layer, the 
heat sensitivity is enhanced markedly, and upon being stored 
under room light or light irradiation after recording, the heat 
sensitivity decreases greatly, and as a result, the background 



can no longer be colored or is able to produce coloration with 
very low color density. Photo-sensitive compounds are usually 
colored in many cases, but the chalcone compounds of the above 
general formula are colorless or very faint yellow, and when 
coated on a support, give products of high whiteness. 

While solid-state photopolymerization is described in, e.g., 
Solid State Photochemistry , Schmidt et al., "Monograph in Modern' 
Chemistry," Veinheim, New York (1976); Chemical Review, Vol. 83, 
No. l (1983), etc., no chalcone compounds of the above general 
formula of the present invention have been suggested, and they 
are considered new solid-state photopolymerizable materials. 
Compared with other solid-state photopolymerizable materials, the 
chalcone compounds of the present invention are characterized by 
having high photosensitivity. While it is not clear why, the 
chalcone compounds of the present invention have high 
photosensitivity in solid state as well as in solution state, and 
it seems that such properties are derived from the molecular 
structure, not from the crystalline state. 

Specific examples of the chalcone compounds of the above 
general formula used in the present invention include: 
l-Phenyl-3-m-nitrophenyl-2-propen-l-one 
l-p-Methylphenyl-3-m-nitrophenyl-2-propen-l-one 
l-m-Methy lphenyl-3 -m-nitropheny 1-2 -propen-l-one 
l-p-Ethylphenyl-3-m-nitrophenyl-2-propen-l-one 
l-p-Isopropylphenyl-3-m-nitrophenyl-2-propen-l-one 
1-p-Isopropeny lphenyl-3 -m-nitropheny 1-2 -propen-l-one 
l-p-Chlorophenyl-3-m-nitrophenyl-2-propen-l-one 
1-2 , 4 , 6-Trimethylphenyl-3-m-nitrophenyl-2-propen-l-one 
1-2 , 4-Dimethylphenyl-3-m-nitrophenyl-2-propen-l-one 



6 



l-m-Chlorophenyl-3-m-nitrophenyl-2-propen-i-one 
l-p-Dodecylphenyl-3-m-nitrophenyl-2-propen-l-one 
1 -p-Octadecy lpheny 1 - 3 -m-ni tropheny 1 -2 -pr open- l -one 

l-p-Methoxyphenyl-3-m-nitrophenyl-2-propen-l-one / etc. The 
amount of the above chalcone compounds of the above general 
formula is 10-80 wt%, preferably 20-50 wt%, of the overall solids 
in the heat-sensitive color layer. 

The leuco dyes used in the present invention may be used 
singly or as mixtures thereof. Such leuco dyes may be chosen 
from such dyes commonly used in such heat-sensitive materials, 
e.g., triphenylmethane, fluoran, phenothiazine, auramine, 
spiropyran, indolinophthalide leuco compounds, etc. Specific 
examples of leuco dyes are given below: 
3 , 3-Bis (p-dimethylaminophenyl) phthalide 

3 , 3-Bis (p-dimethylamino) -6-dimethylaminophthalide (also known as 
Crystal Violet Lactone) 

3 , 3-Bis (p-dimethylaminophenyl) -6-diethylaminophthalide 
3 , 3-Bis (p-dimethylaminophenyl) -6-chlorophthalide 
3 , 3-Bis (p-dibutylaminophenyl) phthalide 
3-Cyclohexylamino-6-chlorofluoran 
3-Dimethylamino-5 , 7-dimethylf luoran 
3-Diethylamino-7-chlorofluoran 
3-Diethylamino-7-methylf luoran 
3-Diethylamino-7 , 8-benzof luoran 

3-Diethylamino-6-methyl-7-chlorof luoran 

3- (N-p-Tolyl-N-ethylamino) -6-methyl-7-anilinof luoran 

3-Pyrrolidino-6-methyl-7-anilinof luoran 

2- [N- (3 '-Trif luoromethy lpheny 1) amino] -6-diethylaminof luoran 
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2- [ 3 , 6-Bis (diethylamino) -9- (o-chloroanilino) xanthylbenzoic acid 
lactam] 

3- Diethylamino-6-methyl-7- (m-trichloromethylanilino) f luoran 
3-Diethylamino-7- (o-chloroanilino) f luoran 
3-Dibutylamino-7- (o-chloroanilino) f luoran 

3- (N-Ethyl-N-amylamino) -6-methyl-7-anilinof luoran 

3- (N-Methyl-N-cyclohexylamino) -6-methyl-7-anilinof luoran 

3-Diethylamino-6-methyl-7-anilinof luoran 

3- (N-N' -Diethylamino) -5-methyl-7-(N,N-dibenzylamino) f luoran 
Benzoyl leuco methylene blue 

6 ' -Chloro-8 ' -methoxybenzoindolinopyrylo-spiran [transliteration] 
6 ' -Bromo-3 ' -methoxybenzoindolinopyrylospiran 
3- (2 ' -Hydroxy-4 ' -dimethylaminophenyl) -3-(2' -methoxy-5 ' - 
chlorophenyl) phthalide 

3- (2 ' -Hydroxy-4 ' -dimethylaminophenyl) -3-(2 ' -methoxy-5 ' - 
nitrophenyl) phthalide 

3- ( 2 ' -Hydroxy-4 ' -diethylaminophenyl) -3- (2 ' -methoxy-5 ' - 
methylphenyl) phthalide 

3- ( 2 ' -Methoxy-4 ' -dimethylaminophenyl) -3-(2 ' -hydroxy-4 ' -chloro-5 ' - 
methylphenyl) phthalide 

3-Morpholino-7- (N-propyltrif luoromethylanilino) f luoran 
3-Pyrrolidino-7-trifluoromethylanilinof luoran 

3-Diethylamino-5-chloro-7- (N-benzyltrif luoromethylanilino^ f luoran 
3 -Pyrrol idino-7- (di-p-chlorophenyl) methylaminof luoran 
3-Diethylamino-5-chloro-7- (a-phenylethylamino) f luoran 
3- (N-Ethyl-p-toluidino) -7- (o-phenylethylamino) f luoran 
3-Diethylamino-7- (o-methoxycarbonylphenylamino) f luoran 
3-Diethylamino-5-methy 1-7- (a-phenylethylamino) f luoran 
3-Diethylamino-7-piperidinof luoran 
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2- chloro-3- (N-methyltoluidino) -7- (p-n-butylanilino) f luoran 

3- (N-Benzyl-N-cyclohexylamino) -5 , 6-benzo-7-a-naphthylamino-4 ' - 
bromof luoran 

3-Diethylamino-6-methyl-7-mesitidino-4 ' , 5 '-benzof luoran, etc. 

In the present invention, the developers that are used for 
coloration of the above leuco dyes upon heating include various 
electron acceptors, such as phenolic materials, organic and 
inorganic acidic materials and their metal salts. 

Gallic acid, salicylic acid, 3-isopropylsalicylic acid, 

3- cyclohexylsalicylic acid, 3, 5-di-tert— butylsalicylic acid, 

3 , 5-di-or-methylbenzylsalicylic acid, 4,4' -isopropylidenediphenol , 

4,4' -isopropylidenebis (2-chlorophenol) , 

4,4' -isopropylidene (2 , 6-dibromophenol) , 

4,4' -isopropylidenebis (2 , 6-dichlorophenol) , 

4,4' -isopropylidenebis (2-methylphenol) , 

4,4' -isopropylidenebis (2 , 6-dimethylhenol) , 

4,4' -isopropylidenebis (2-tert-butylphenol) , 

4,4' -sec-buty lidenediphenol , 4,4' -cyclohexy lidenebisphenol , 

4,4' -cyclohexy lidenebis (2-methylphenol) , 4-tert-butylphenol , 

4- phenylphenol, 4-hydroxydiphenoxide, o-naphthol, 0-naphthol, 
3,5-xylenol, thymol, methyl 4-hydroxybenzoate, 

4 -hydroxy acetophenone, novolak phenolic resins, 
2, 2 '-thiobis( 4, 6-dichlorophenol ) , catechol, resorcinol, 
hydroquinone, pyrogallol, phloroglucin, phloroglucincarboxylic 
acid, 4-tert-octylcatechol , 2,2' -methylenebis (4-chlorophenol) , 
2,2' -methylenebis (4-methyl-6-tert-butylphenol ) , 
2,2'-dihydroxydiphenyl, ethyl p-hydroxybenzoate, propyl 
p-hydroxybenzoate, butyl p-hydroxybenzoate, benzyl 
P-hydroxybenzoate, p-chlorobenzyl P-hydroxybenzoate, 



o-chlorobenzyl P-hydroxybenozate, p-methylbenzyl 
P-hydroxybenzoate, n-octyl P-hydroxybenzoate, benzoic acid, zinc 
salicylate, l-hydroxy-2 -naphthoic acid, 2-hydroxy-6-naphthoic 
acid, zinc 2-hydroxy-6-naphthoate, 4-hydroxydiphenyl sulfone, 
4-hydroxy-4'-chlorodiphenylsulfone, bis (4-hydroxyphenyl) sulfide, 
2-hydroxy-p-toluoic acid, zinc 

3,5-di-tert-butylsalicylate, tin 3,5-di-tert-butylsalicylate, 
tartaric acid, oxalic acid, maleic acid, citric acid, succinic 
acid, stearic acid, 4-hydroxyphthalic acid, boric acid, etc. 

In the present invention, various binders may be used for 
supporting the above leuco dyes and developers on a support, 
e.g., polyvinyl alcohol), starch and its derivatives, 
methoxycellulose, hydroxyethylcellulose, carboxymethylcellulose, 
methylcellulose, ethylcellulose, and other cellulose derivatives; 
water-soluble polymers such as polyacrylic acid sodium salt, 
polyvinylpyrrolidone, acrylamide/acrylic acid ester copolymers, 
acrylamide/acrylic acid ester /methacry lie acid ester ternary 
copolymers, styrene/maleic anhydride copolymer alkali salts, 
isobutylene/maleic anhydride copolymer alkali salts, 
polyacrylamide, sodium alginate, gelatins, caseins, etc.; latexes 
of polyvinyl acetate, polyurethanes , styrene/ butadiene 
copolymers, polyacrylic acid, polyacrylic acid esters, vinyl 
chloride/ vinyl acetate copolymers, polybutyl methacry late , 
ethylene/vinyl acetate copolymers, styrene/butadiene/acrylic 
copolymers, etc. 

In the present invention, if needed, together with the above 
leuco dyes, chalocone compounds and developers, additive commonly 
used in such heat-sensitive recording materials can also be used, 
such as fillers, surfactants, thermally fusible materials (or 
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lubricants), etc. The fillers used in the present invention are 
inorganic fine particles, such as calcium carbonate, silica, zinc 
oxide, titanium oxide, aluminum hydroxide, zinc hydroxide, barium 
sulfate, clays, talc, surface-treated calcium or silica, etc.; 
organic fine particles, such as urea-formalin resins, starch, 
styrene/methacrylic acid copolymer, polystyrene, etc. The 
thermally fusible materials are, e.g., higher fatty acids and 
their esters, amides, or metal salts, various waxes, aromatic 
carboxylic acid-amine condensates, phenyl benzoate, higher linear 
glycols, dialkyl 3,4-epoxyhexahydrophthalate, higher ketones, and 
other thermally fusible organic compounds having a melting point 
of 50-200°C. 

In making the heat-sensitive recording materials of the 
present invention, a solution of mainly the above components is 
coated and on a support, such as paper, synthetic paper, etc., 
dried, and used for heat-sensitive recording materials providing 
images of high stability. 

The heat-sensitive recording materials of the present 
invention may be used in various applications, especially with 
recoloration prevention, such as faxes, recorders, bar-code 
labels, tickets, passes, magnetic papers, etc. 

Effects 

By using chalcone compounds represented by the above general 
formula, the products with thermal recording are simply exposed 
to light or stored in light places, for prevention of heat- 
induced recoloration and enhanced thermal paper image qualities. 



Application examples 



Next, the present invention is explained in detail with 
application examples. Parts and % are by weight. 



Applica tion Example 1 



Each mixture of the composition given below was dispersed 
using a ball mill to obtain solutions A-D. 
(Solution A) 

3-(N-Methyl-N-cyclohexylamino)-6-methyl-7-anilinofluoran 10 parts 
10% Aqueous Hydroxyethylcellulose solution io parts 

Water 30 parts 

(Solution B) 

Bisphenol S 30 parts 

10% Aqueous polyvinyl alcohol solution 15 parts 

Water 

(Solution C) 

Calcium carbonate 20 parts 

Stearic acid 2 parts 

5% Aqueous methylcellulose solution 22 parts 
Water 

(Solution D) 

l-p-Ethylphenyl-3-m-nitrophenyl-2-propen-l-one 30 parts 

10% Aqueous hydroxyethylcellulose solution 30 parts 

Water 90 parts 



30 parts 



60 parts 



Commercially available wood-free paper (basis weight of 
50 g/m 2 ) was coated with a mixture of solutions A, B, C, and D in 
a 1:1:1:1 ratio to a dry dye adhesion of 0.5 g/m 2 , and dried, to 
form a heat-sensitive color layer to obtain a heat-sensitive 
recording material. 

Application Example 2 

Application Example 1 was repeated using l-phenyl-3-m- 
nitrophenyl-2-propen-l-one in place of l-p-ethylphenyl-3-m- 
nitrophenyl-2-propen-l-one in solution D of Application Example 
1, to obtain a heat-sensitive recording material of the present 
invention. 

Application Example 3 

Application Example 1 was repeated using l-p-isopropyl-3-m- 
nitrophenyl-2-propen-l-one in place of l-p-ethylphenyl-3-m- 
nitrophenyl-2-propen-l-one in solution D of Application Example 
1, to obtain a heat-sensitive recording material of the present 
invention. 

Comparative Example 1 

Application Example 1 was repeated using stearamide in place 
of l-p-ethylphenyl-3-m-nitrophenyl-2-propen-l-one in solution D 
of Application Example 1, to obtain a heat-sensitive recording 
material for comparison. 
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Comparative Example 2 



Application Example 1 was repeated using l-phenyl-3-p- 
nitrophenyl-2-propen-l-one in place of l-p-ethylphenyl-3-m- 
nitrophenyl-2-propen-l-one in solution D of Application Example 
1, to obtain a heat-sensitive recording material for comparison. 

The heat-sensitive recording materials obtained for the 
present invention and comparison were used for recording by a 
commercially available thermal gradient tester at 140°C and 
measured for image density and background density using a McBeth 
RD-514 densitometer. Results are given in Table I. The printed 
samples were also exposed to SM-1500 (1.5-W high-pressure mercury 
lamp, product of Ricoh) in 10 memory, followed by thermal 
recording again, with measurement of image density. Results are 
given in Table I. 

Table I. 
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As shown clearly in Table I, the heat-sensitive recording 
materials of the present invention lose coloration capability 
greatly by exposure to light, giving markedly enhanced image 
reliability. 
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4' -Yy7afjx:/£x(2->i*A,7xy- 

A'). 4.4'-Yyya^»jT r VtTA(2.6-i/jif 
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. xk#2/*atj-x, b k a # s/ 
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a 0) C . *f-7iV;U 3 -Kfl!7K^«, 9 ft 

£«#a. a*#a*tc which^t* - * 
(ft ft) 

z & k * y . ae« l, *a. vtmnh l < *mm 



*«« 1 

(Aft) 

7 5 ;)-6->H-?-7-'J /7/V^?> 
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to * 

* 30 • 
(Bft) 
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